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(57) Abstract 

A digital satellite broadcast receiver capable 
of an optimum signal reception even when an 
arbitrary outdoor unit is connected. Phase noise 
characteristics of an outdoor unit connected to a 
digital satellite broadcast receiver when receiving a 
burst symbol is estimated based on a bit error rate 
of an 8PSK modulation signal determined by a 
trellis decoder (7) when a CNR measured by a 
CNR measurement circuit (5) is equal to a preset 
value, and, based on the estimated phase noise 
characteristics of the outdoor unit, a filter factor of 
a loop filter (9) inserted into a carrier regenerative 
loop is set. 



37 — 



*• 


1 r 

Or ' 











atmmm I 



CNR 

ai Jt an 



r V V ^ 



8SR- «- 



3-1 
3-2 



B 

cdhpux cviiaczeHME. emevn 

DVHBmO OOTTTIlOI. oiCtLLAsen . 
BAKU LTMITXBO «W« 
SAMP X.TKXTXII? VX^SER 
DICODDt 

THAU E1UIOR DXTKCTXOtf CIRCUIT 



AUTOMATIC mCUKKCV COMTBOL CIRCUIT 
flLTFR FACTOR DXtr 
ATC CCCWTROZ. DATA 
CUR DATA 

HOWWL RSORIVIHO STATU » SldttAL 
HODUIATIOM 2D] 



(57)*#& 




RU 
SD 
SB 

SG 



SK 
S L 



WO 00/18077 PCT/JP99/05088 

1 

m m e 

&©w**a^B s - i f \zm$nkm.&*ft5 >n >a- 

y h§ODUi felB-T. 

d*4^l*l££l^<*nT^T, fifflJIf (^rms) ^4g£l^® 

— jRWfctfitettJ: < *ta^Am^«m# (Association of 
Radio Industries and Businesses, AR I B) >~7 



WO 00/18077 



2 



PCT/JP99/0S088 



ZLtETfcW&lste^o VfrV* ±IBC Sn^^m isXy-2±0*><D £ 

CDODU, ffi IC P — #*5fcfi»fl)lfcffi** (a r m s ) j&t;fc#V>«b 

ft 5 Bfc/S-X N x #5 8 P S K ( h l/'JXtf 
fls 8 P S K) tsli^i:^tSODU©^'?>3 >A-^fi0D- 
^^SSJggKD&fflaitW (0rms) K«fcSISJF.C/N#tt*:*«*r. 

BPS K&mm-^Ofrfr 'J7*H4t5^SS: CuTft/t- 

Sfc«H&#fc;Wr* (P-fc^SSSS©) teffiftlW (5 rms) tc «t 

S'JKfS^CN RT^b, ft 5 B©*frf5fe a tt*fcW#rtt« *SK < L*:^ 
I*STfS< 75: So ft 5 0CD4$ft c te^W^iUciiS^/S < V1tm&<0 

(s^.c/N-e*t), 3 o mum*? *>&m&*i 

tiLmmm&m i o^*m©^ ^o@^*^**ft 5 & a t jtis 

H^t<&5. ft 5 H<0#teb ft 5 m©#<± a <D 



WO 00/18077 



3 



PCT/JP99/05088 



^^BSKHTH, &mi3j£.\Z 8 P S K^fS, QPSKfi, 

i/-Aiwi^/^-> (3 2^>^) > fcm&mm&mLW<D?t#>e> 

BPS K^i$tlfcTMC C/1^-> ( 1 2 8 ->>stf;i/) , #<D£l 
UTT^T B PSKf ^$nt7-/\'-7 I'- > ( 3 2 

/X — X h S/>sf$;H3#£j&*|* tll^nT, 3 9 9 3 6 x>*J^l 

3zm^i*$£ 7 m (b) K^T «fc 5 8P 
SK/QPSK/BPSK^iOi^T$5, 

:©i5t8 PSK/QP S K/B P S KSH«f(D±5 
2£#8, 4, 2 tSfto T3fSC/N ( *g M T & <D Iz fc C / N ) 

ats&5£a&7?5£K * znmfti&mftm&mz nx < kmc 

S4»tt**/t-t4fc»fc^Mffl (±II 2 0 3 x>W) *tr 

;kdb p s k sew h v >#jHb*§- t# u -e©n-x 



WO 00/18077 



4 



PCT/JP99/05088 



rubx*****. 

* y u r w^*«ff *t>n* 'J -r;ot>i7^fs 

mxatfirt-x h *s>#)V9.mfr zmm&mizw ot^^ns, 

Rt }t H/'j7l#T3-HtroiD$^2Xl OC ( - 4 ) * 
— U Tn$L)V- ? 5 0£>#te c Kl L fc *& -& fe: 



WO 00/18077 



5 



PCT/JP99/05088 



■r 



WO 00/18077 



6 



PCT/JP99/05088 



ft60te, SgttSfcfcfcfctt*' 8 P SK^lHt^Ctffiitf'i^ 
N R £^T#&0"?&*» 

3&t*#!*IHStt 1 CT I r (=lcos0+Qsin0) <£>M£& 
^rjCQ r (=i s infl+Qcos fl) 0 * J* # fx *> *t T ffi W «P 



WO 00/18077 



7 



PCTYJP99/05088 



n-€ r n^> ? ^;P7^^^^^^-&««c$!iiS7^;i'^ 3-1, 3-2 
T&m®mtstiit'<-x/*> 1 d, Qdiif3-y4« cn 

«7U--Ara^A°^->, TMCC/^->Of3-^ff/<i:^, 
^n-^Jjli;:^ 3 8PSKIf §hl/'J x 5* n — ^ 7 ^mtiiTZ 
8PSK, QPSK, B P S K~r?$>Z>fr(D : $£mmm ; r--* 

C N Rig!l5£HJg& 5 ttAA £ *i;fc^-*A r > f*flT# I d, Q d Jc J: 
-5^^ h CD CNR$jffl$bCNRI:I^< CNRr 

— ^ &$!itsptiis& 8 ^^m-r-& 0 -teffi^ii^misig& 6 izmnttiizjvy 

UXf3-y7tt8 P S K&mm^* H/UXra-HL 8 P S 
KSCWKM^* fcf y h«0 JftT 5 —^ (BER) Sfflff 

©gs 8 ^2ia*r 5. 



WO 00/18077 PCT/JP99/05088 



1 0j5> KS^^s i n 6 <Dt—&* c os d <D 

EHELTV»*^-XA>Hfll*I. Q&ft«M*»*S (NCO) 
2^5BA*ft5s inflOf-^- c o s 6 v 1 -* 

tuning s teMi%&mftMX'&zz±z*?mi$%:mvimm^z 
a&ic, Mi@^8». xmmmT-&* cnrt-?« 

tt£HT**tfi*«£:* tfmb&ODU £»^< )V- 



WO 00/18077 



9 



PCT/JP99/05088 



&IZMZ HT, CNR*il 5 dB©i £ © A-X h >^)V^m\Z 
8 P S Kfl^O&ffi&^KJ; ^ fc?«, hftg0*ft1£tt$ 3ilC 
*trt<TJ&^T, $g 3 0K:43tt5#tt a, b, citm 5 m<o& 
tta, b, c t-etl-fngitl/fci^Cfcii/ bSt)$T*oT, £1 
3 0lll5fn#tt a tt£ 5 g]<£4$tt a ^3 0IC^^5j| 

ft b tell 5 m<D¥f& b fCttrt?: b, Jg 3 HKSsftStttt c»l5@<D 

m &m 2 miz&-3\,*TmmT*. 

icfw»a*u u 7n*k)\,-zf<Dftfr&m 5 c \Z 

ttf&*?2>ft&\ZJV—7 7 J )V? 9 <D 7 4 )V?ffi$k&nfet£ft2> (X 

CNRiJil SdBC^ofclS (Xf7^S2) , ^S^^MgiJ (T 
MCC) /^->#r3-H^nT (7f7^S 3) , 8 P SKfl 

8 P S K^H##£A-X h§ffiU-€-(Dtf bSSD^T 1 - 
yhllO 6. 8X10© (-3) JR&T^Sjfca^x y ^ £ tl 



WO 00/18077 



10 



PCT/JP99/05088 



AtfKyMlOWfi. 8X10© (-3) iRT-C^St^JS^ 
Sflr«K»«Sftt^50DUCttfi«lf»tt* , A 

«AHUAiHe* MSt>***5. 5 x 1 0© <- 3) *aT*5*« ! 

■&«^t««iatfy h«d***6. 8 x i o © (-3) mzm&x^ 

3) . 

fcHMftitttfy H(D**f5. 5 X 1 0 © (-3) iKTT*5 t« 

«atifcfc*ctt, ft*«fc***nT^*oDu©ffi«ii*#tt 



WO 00/18077 



11 



PCT/JP99/0S088 



T, ^A^fflt'y hR0*A»4. 5X10O (-3) m^T^S 

^ # Jt «6 £ tf y h^O^ct 9 fe^<&t>tfl»J$nfci:* 1 T^to 
"6 M X tftfe ttib'yh^O^^S. 5X10© (-3) *Sifi/LtU 

« t^js«j$nfct#^«, sfiiii:*ttsnTH50Duo&*« 

fcV>£*U BiS ftT, ^t'J 7 asm 5 

•5 (X^u/^S 1 3) o 

Wlffittie y hit) ^5 38*4 . 5X100 ( - 3 ) f£tTT$5 £ 

St- F^Uff £ tiT, ii At gfS ft 5 Ut^SU) . 

fc>-£0!)A It&tii My htg 0 *M*4 . 5X10© (-3) fH£j@;SLT 

ttteai&< fcv> ftT, u 5 a 



WO 00/18077 



12 



PCT/JP99/05088 



(^fy^S 1 3 ) . 
^ft^#Ttf>gff #5££>iS^ (A*-* K tasty 

«, ^<z>nca^ <b&nftt- s ;i j£ < ten? s> * jis&mm^fi&nz 



WO 00/18077 



13 



PCT/JP99/05088 



m 5ft <D ffi m 

i. mmris? frm*§r&mmiz&^T. 

4. m&m 3 izmmommri?? jim^&mmiz&^T, 
m m $ n & ^ v $ >vm ^ & m $ m r m. t £ * tr asast 



WO 00/18077 



14 



PCT/JP99/05088 



RtttHsns^sfc-ftss D^ts, a-x h > # ;hb * 
^ ij y£ff£T<5 a-x hv->^;w^m ; £-F : ic*^T*«sn 

^a*-x b ft bps kihi^tj&^Mtv 

iBff^cD^ffi p s K&mm mt, 8 p s K^mmn-z&zmm 
n fc « # & 7 s v 5 * )v m n z & # *r & & s v $ ; v ft # s ft *$ \z 



WO 00/18077 



15 



PCT/JP99/05088 



Wimmm^izm*3^T. mgm&mmno c/n ^mt 
is^aj £ nfc c / n a*m jefit t -wit % & e o & Sr^u^-r * x 

KC/NjJtSfilftli:-tt5«^l:, 



WO 00/18077 



1/5 



PCT/JP99/05088 



< * 

^ n 
'- 1K 
~7V~ 



I 

n 
IK 



7S — T> 



mm 



a: 

UJ 
£0 



■IS 



3 



tall 



i 

nM 





22 






DC 


tsl 


CN 









«3 
DM 

fie- 



Z [ 



OO 



O 



fi&^ 



a 



i 

if 
V 



na- 


on 




l°L 


cm 









[ 

IK 

v 



rs 
I 



ST 



22 

m 

m 



.TOT 



o 
o 



2 * 

jag W 



Iz 



■an * 



c 



1 

IK 

1 

□ 

n 
o 

< 



WO 00/18077 



2/5 



PCT/JP99/05088 




.YES 
TMCCHfg k-S 3 



NO 




YES 



8 PSKCS'J^ 



•S 5 



NO 




4^ ij Tf?£;l— T'^bf-sa^s 




NO 



S 9 



NO 



'YES s 1 0 



S 1 t 



A. 



4$te c (cia^ 



S 1 2 

7 



S 1 3 



WO 00/18077 



PCT/JP99/0J088 



10" 1 -, 



10- 



10" ; 



3/5 

3 m 



I 1 1 1 II I I I 










* 

1 



10 20 
firtBfctfc (Arms) m 



30 



4 H 




ffiiffi*^ ( d rms) Jg 



WO 00/18077 



4/5 



PCT/JP99/05088 




WO 00/18077 



5/5 



PCT/JP99/05088 



7 m 



YA VA 

Y, TMCC Z 

v y2 



(a) 



1 28 — hH — 203 1 !• -203 — ►+-+■ 

32 32 4.4 



TMCC 







I 



TMCC £ ±fs 
k2 



■ i [ ■ 203 -I I- 

4 . . 4 



7 U-A 



n 

i 

.j 



7 U-A 



V TMCC 




O 8PSK 



(b) 



7L 



QPSK 



±if§ : 8PSK/QP SK/B PS K 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/05088 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 6 H04L27/22 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int-Cl 6 H04L27/22 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1997 Toroku Jitsuyo Shinan Koho 1994-1998 

Kdkai Jitsuyo Shinan Koho 1971-1998 Jitsuyo Shinan Toroku Koho 1996-1998 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
A 



y 

A 

Y 
A 



JP, 8-273302, A (Matsushita Electric Industrial Co., 
Ltd.) , 

18 October, 1996 (18.10.96) (Family: none) 

JP/ 7-15482, A (Matsushita Electric Industrial Co. , Ltd.), 
17 January, 1995 (17.01.95) (Family: none) 

JP, 2-44937, A (NEC Corporation), 

14 February, 1990 <14< 02*90) (Family: none) 



1,2 
3-11 



1,2 
3-11 

1,2 
3-11 



1 Further documents are listed in the continuation of Box C. Q See patent family annex. 



Special categories of cited documents; 
document defining the genera] state of the art which Is not 
considered to be of particular relevance 
"E" earlier document but published on or after the international ftling 
date 

"L n document which may throw doubts on priority claimfs) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 
"O* document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 



U V later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

" X* document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

M Y" document of particular relevance; the claimed invention cannot he 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the an 
document member of the same patent family 



Date of the actual completion of the international search 
09 December, 1999 (09.12.99) 



Date of mailing of the international search report 

21 December, 1999 (21.12.99) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



gflRttW** PCT/JP99/0508 8 



a. &m(Dm-z>&w<r>&m (m®<&n&m (ipo ) 

Int. CI' HO 4 L 2 7/2 2 



W3l£*ff-3fc*/MMf» (SUSttffftM (I PC) ) 
Int. CI* H 0 4 L 2 7/2 2 



B*S3Sfl?£r3S45:& 1926-199 7* 
B3fcH^Hfil5fflffSe^« 1971-199 8* 
H*BSSfcHffl«5g^« 1994-199 8* 

B*mmmm%&m2i& 1996-1998* 



SBSSiaiE-Cffi^ Ufcm^7*— **«—;* (t 5 — *<0£»s H2EKH£Ri Lfcfflif) 









Y 
A 


J P, 8-273302, A (|&T««^3K«g«#tt) , 18. 
10^. 1 996 (1 8. 1 0. 9 6) (77§!I*-<CU 


1, 2 
3-11 


Y 
A 


JP, 7-15482, A «&T*»K*»5E£*fc) ,17.1 
^. 1995 (17. 0 1. 95) (77$P-*t) 


1, 2 
3-11 


Y 
A 


JP, 2-4493 7, A ( B #«*t*5S#4fc) , 14. 2 J!. 
1990 (14. 02. 90) (7r5y-*U 


1, 2 
3-11 



\><D 



rxj m^mm<oh^xmxh-ox, m&xm.fo&.x'&w 

J: o -Cil#{*# ft v 1 1 # x. e> Jx -5 1> co 

f&j d— vvt % y— XBfc 



0 9. 12. 9 9 



SBRf9S«^CO»S6B 



21 .1 2.99 



BJfcSfSfFJT (IS A/ J P ) 
1 00-8 9 1 5 



mSS#-§- 03-3581-1 101 



5K 



9 0 6 5 



3 5 5 5 



«PCT/ISA/2 10 (f2^) (1 9 9 8¥7^) 



(19) 



J 



Europfllsches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP1 115 237 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

11.07.2001 Bulletin 2001/26 

(21) Application number 99943399.8 

(22) Date of filing: 17.09.1999 



(51) lntC!7: H 04 L 27/22 

(86) International application number: 
PCT/JP99/05088 

(87) International publication number: 

WO 00/18077 (30.03.2000 Gazette 2000713) 



(84) Designated Contracting States: 


• SUZUKI, Shoichl 


AT BECH CY DE DK ES Fl FR QB QR IE ITU LU 


Yokohama-shl, Kanagawa 241-0004 (JP) 


MC NL PT SE 


• HORII, Akihiro 




Zama-shf, Kanagawa 228-0011 (JP) 


(30) Priority: 18.09.1998 JP 28204698 


• MATSUDA, ShoJI 


Ntachlda-shi, Tokyo 194-0021 (JP) 


(71) Applicants: 


♦ WAD A, Takahlro 


• KABUSHIKI KAISHA KENWOOD 


Yokohama-shl, Kanagawa 241-0822 (JP) 


Shibuya-ku, Tokyo 150-8501 (JP) 




• Kenwood TWll Corporation 


(74) Representative: Patentanwalte 


Yokohama-shi, Kanagawa 226-0006 (JP) 


Leinweber & Zimmermann 




Rosental 7, 


(72) Inventors: 


II Aufgang 


* SHIRAJSHI, Kenlchl 


80331 MUnchen (DE) 


Yokohama-ahi, Kanagawa 240-0025 (JP) 





(54) RADIO DIGITAL SIGNAL RECEIVER 



(57) A digital satellite broadcast receiver capable of 
an optimum signal reception even when an arbitrary out- 
door unit is connected. Please noise characteristics of 
an outdo or unit connected to a digital sate I lite broadcast 
receiver when receiving a burst symbol is estimated 



based on a bit error rate of an 8PSK modulation signal 
determined by a trellis decoder (7) when a CNR meas- 
ured by a CNR measurement circuit (5) Is equal to a 
preset value, and, based on the estimated phase noise 
characteristics of the outdoor unit, a filter factor of a loop 
filter (9) inserted into a carrier regenerative loop is set. 



FIG. 1 



CO 
CM 

m 



Q. 

LU 



] 

0 



1. 



Automatic 
frequency 
control circuit , 



i COMPLEX- 
NUMBER 
OPERATION 

s cjReurr 








< 




\ 


NUMERIC 
CONTROL 
OSCILLATOR 


~2 



3-1 



BAND LIMITATION 
FLTER 



BAND LIMITATION 
FILTER 

*3-2 



Id 



0<J 



ENABLE SIGNAL 



LOOP FILTER 
7T 



DECODER 



j. MEASURING 



CNR DATA- 



PHASE ERROR 
DETECTION 
CIRCUIT 



IROjjl 

I 



TRELLIS 
DECODER 



-NORMAL 
RECEPTION 
SIGNAL 

j BERH 
MODULATION 
DISCRETION 
DATA 



CONTROL 
CIRCUIT 



FILTER COEFFICIENT DATA 
J 



5 

AFC CONTROL DATA 



Printed by Jouve. 75001 PARIS (FR; 



1 



EP1 115 237 A1 



2 



Description 

TECHNICAL FIELD 

[0001 ] The present Invention relates to a radio digital 
signal receiver and, more In particular, to a digital satel- 
lite broadcast receiver for changing characteristics of a 
carrier regenerative loop In accordance with a bit error 
rate at a received C/N (hereinafter, also described as an 
CNR). 

BACKGROUND ART 

[0002] The receiver for the digital satellite broadcast 
scheduled to start In the year 2000 Is supposed to em- 
ploy an antenna element for receiving the present ana- 
logue satellite broadcast and a down-converter for con- 
verting the output of the antenna element Into BS-IF fre- 
quency, thereby receiving the digital satellite broadcast 
Generally, the antenna element and the down -converter 
are Installed outside and referred to as an outdoor unit. 
Hereinafter, the outdoor unit is also described as an 
ODU. 

[0003] The receiving system for receiving the digital 
satellite broadcast, for example, the receiving system of 
CS broadcast stipulates that desirable phase noise 
characteristics of a local oscillator Inside the down-con- 
verter used in the exclusive ODU have a phase noise 
(9rm8) within 4 degrees and, when the phase noise 
{erms) Is within 4 degree, the receiving performance of 
the receiver is scarcely affected. 
[0004] On the other hand, In the receiving system of 
the digital satellite broadcast, the existing ODU for the 
analogue broadcast can be used and generally the per- 
formance of the existing ODU is not good. The charac- 
teristic distribution of the phase noise of the local oscil- 
lator of the existing antenna, which was sample-studied 
by Association of Radio industries and Business (abbre- 
viated as ARIB), was as shown In Figure 4. 
[0005] At presentthere exists no standard concerning 
the phase noise for those planned as a new system. 
However, the phase noise characteristic thereof Is ex- 
pected to be the same degree as that of the above-de- 
scribed CS broadcast receiving system and, when the 
phase noise Is not more than 4 degrees, the receiving 
performance of the receiver Is not affected and no prob- 
lem can be expected to arise. However, the existing 
ODU, especially the local oscillator having a large phase 
noise (erms) damages the receiving performance of the 
receiver. 

[0006] Shown In Figure 5 are the critical C/N charac- 
teristics by the phase noise (6rms) of the local oscillator 
inside the down-converter of the ODU for a 3PSK{Trellie 
coded 8PSK) modulating signal in a burst symbol recep- 
tion. Here, the system for regenerating a carrier from 
only the BP5K modulating signal referred to as a burst 
symbol signal which Is Intermittently transmitted Is 
termed the burst symbol reception. Shown In Figure 6 



are critical C/N characteristics by the phase noise 
(8rms) (of the local oscillator) for the 8PSK modulating 
signal In a continuation reception. Here, the continuation 
reception refers to a system for regenerating a carrier 
5 from a received signal. 

[0007] In Figure 5, the characteristics of a carrier re- 
generative loop are shown by a critical CNR for each of 
three kinds of characteristics a, b and c. The character- 
istic a as shown In Figure 5 Is a critical C/N where a 

10 noise bandwidth is made narrow and when the phase 
noise exceeds 1 5 degrees no reception is possible. The 
characteristic c as shown in Figure 5 Is a critical C/N 
where the noise bandwidth is made large and a recep- 
tion Is possible even when the phase noise Is about 30 
degrees. However, a llxed deterioration at a time when 
the phase noise is about less than 1 0 degrees becomes 
large in contrast to the characteristic a as shown In Fig- 
ure 5. The characteristic b as shown In Figure 5 is a crit- 
ical C/N which is intermediate between the case of the 

20 characteristic a as shown In Figure 5 and the case of 
the characteristic c as shown In Figure 5. 
[0008] As can be seen by comparing a of Figure 5 with 
Figure 6, in case of the burst reception, the receiving 
performance becomes deteriorated when the phase 

25 noise becomes large depending on the characteristics 
of the carrier regenerative loop, while In case of the con- 
tinuation reception, even with the noise bandwidth of the 

* characteristic a as shown in Figure 5, the fixed deterio- 
ration is lessened and the receiving performance is im- 

50 proved. 

[0009] Now, the receiving system of the digital BS 
broadcast receiver will be described. In the digital BS 
broadcast system, a 8PSK modulation, a QPSK modu- 
lation and a BPSK modulation are adapted as modulat- 
es ing systems and the modulated wave thereof is time- 
divisionally-multiplexed and transmitted as shown in 
Figure 7. 

[0010] Figure 7(a) shows the configuration of one su- 
perframe, which comprises eight frames In total. In each 

to frame, a BPSK-modulated frame synchronous pattern 
as shown by the first oblique lines (32 symbols), a 
BPSK-modulated TMCC pattern for discriminating a 
transmission and multiplex configuration (12Bsymbols), 
then a BPSK-modulated supertrame discrimination pat- 

4* tern (32 symbols), a main signal of 203 symbols, a 
BPSK-modulated burst symbol signal as shown by 
cross-oblique lines (4 symbols) and subsequently a 
main signal and a burst symbol signal are repeated In 
order, thereby configuring one frame with 39936 sym- 

so bols. The main signal as shown in Figure 7(b) is a 8PSK/ 
QPSK/BPSK-modulating signal. 
[001 1] Because the modulated wave by a modulating 
system where the required C/N {the C/N required for de- 
modulation) varies as the number of phases varies as 

55 eight, four and two like the 8PSK/QPSK/BPSK-modu- 
lating signal is time-divisionally-multiplexed, the BPSK- 
modulatlng signal of 4 symbols Is embedded at a spe- 
cific period (mainly at Intervals of 203 symbols) In order 
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to compensate for the canter regenerative characteris- 
tics In the case where the modulating system having a 
number of phases Is difficult to obtain reception espe- 
cially at a low C/N time. The BPSK-modulating signal of 
the 4 symbols is termed a burst symbol signal and the 
system for regenerating a carrier from only the BPSK- 
modulating signal which is referred to as the burst sym- 
bol signal Is termed the burst symbol reception as de- 
scribed above. 

[0012] As described above, in the place where there 
are few phase noises, the receiving performance (the 
critical CNR) remains almost unchanged In case of ei- 
ther the burst symbol reception or the continuation re- 
ception and no problem is expected to arise. However, 
in the place where there are many phase noises, quite 
different from the continuation reception, there arises a 
problem for the burst symbol reception in that the critical 
CNR fluctuates largely according to the characteristics 
a, b and c of the carrier regenerative loop. 
[00131 This problem will be described further In detail. 
By scanning a carrier frequency through the AFC circuit 
inserted into the carrier regenerative loop, frame syn- 
chronization is established, and when carrier regenera- 
tion Is made by the burst symbol reception, Reed-Solo- 
mon error of the main signal can be checked. If the re- 
ceived CNR Is good, the Reed-Solomon error will be 
eliminated and the receiving system will be switched 
over from the burst symbol reception to the continuation 
reception. 

[0014] Nevertheless, when the characteristic a as 
shown in Figure 5 is selected as the characteristic of the 
carrier regenerative loop, the Reed-Solomon error will 
occur In the case where the phase noise is large so that 
the receiving system can not be switched over to the 
continuation reception. As a result, the main signal is no 
longer regenerated Indefinitely. Note that what is meant 
by the critical CNR as shown in Figure 5 and Figure 6 
is the critical value where the error rate after a trellis 
code Is decoded Is 2 x 1 0 -4 and which, after the Reed- 
Solomon Is decoded, becomes error- free. 
[0015] On the other hand, when the characteristic c 
as shown in Figure 5 Is selected as the characteristic of 
the carrier regenerative loop, the Reed-Solomon error 
will be eliminated if the received CNR is good even If the 
phase noise Is large and the receiving system can be 
switched over lo the continuation reception. However, 
as can be seen by comparing the characteristic c as 
shown in Figure 5 with the characteristic as shown in 
Figure 6, because the value of the critical CNR of the 
burst reception differs from the value of the critical CNR 
of the continuation reception practically irrespective of 
the phase noise characteristics, when the receiving sys- 
tem is switched over, hysteresis will occur. 
[0016] However, in the situation where it is not clear 
which type of the ODU is to be used ultimately, It is safe 
to adapt the later, that is, (c) as shown in Figure 5 for 
thecharacterlstlcofthecarrier regenerative loop so that, 
whichever type of reception systems Is used, It can ob- 



tain a basic reception. As a result, In spite of the fact that 
the digital only or the existent high performance ODU Is 
used, a problem arises In thatthe receiving performance 
is not improved. 
5 [0017] An object of the present Invention Is to provide 
a digital satellite broadcast receiver capable of expect- 
ing an optimum reception when the exclusive ODU or 
the existing high performance ODU Is connected. 

10 DISCLOSURE OF THE INVENTION 

[0018] The radio digital signal receiver according to 
the present invention is characterized in that It compris- 
es means for estimating phase noise characteristics at 
13 a reception time of the outdoor unit connected to a re- 
ceiving terminal of the radio digital signal receiver from 
a decoded error rate of the digital signal and means for 
setting the characteristics of the carrier regenerative 
loop based on the estimated phase noise characteristics 
of the outdoor unit. 

[001 9] In the preferred embodiment of the radio digital 
signal receiver of the present invention, the above de- 
scribed estimating means estimate the phase noise 
characteristics of the outdoor unit based on a bit error 
rate of the specific polyphase PSK-modulating signal 
when the received CNR has a predetermined value In a 
burst symbol reception mode for regenerating a carrier 
from a burst symbol signal. 

[0020] Also, the above means for setting the charac- 
teristics of the loop preferably sets afilterfactor of a loop 
filter inserted into the carrier regenerative loop. 
[0021] Moreover. In the preferred embodiment, the 
above described burst symbol signal Is a BPSK-modu- 
latlng signal and the above described specific poly- 
phase PSK-modulating signal is a 8PSK-modulating 
signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

Figure 1 is a block diagram showing the configura- 
tion of a carrier regenerative portion in the digital 
satellite broadcast receiver according to an embod- 
iment of the present Invention; 
Figure 2 Is a flowchart provided for explaining the 
operation of the digital satellite broadcast receiver 
according to an embodiment of the present Inven- 
tion; 

Figure 3 Is a characteristic diagram showing a bit 
error rate due to the phase noise of a 8PSK-modu- 
iatlng signal In a burst symbol reception of the digital 
satellite broadcast receiver according to an embod- 
iment of the present invention; 
Figure 4 is a distribution diagram of the phase noise 
characteristics of an ODU; 
Figure 5 Is a characteristic diagram showing a crit- 
ical CNR by the phase noise of the 8PSK-modulat- 
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Ing signal In the burst symbol signal; 
Figure 6 Is a characteristic diagram showing the crit- 
ical CNR by the phase noise of the 8PSK-modulat- 
ing signal in a continuation reception; and 
Figure 7 Is a type view showing a modulating signal 
array In the digital satellite broadcast. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0023] Hereinafter, a digital satellite broadcast receiv- 
er will be described based on the preferred embodiment. 
[0024] Figure 1 is a block diagram showing the con- 
figuration of a carrier regenerative portion In the digital 
satellite broadcast receiver according to an embodiment 
of the present invention. 

[0025] The base band signals I, Q which are orthog- 
onally detected and A/D converted In a tuner portion are 
inputted to a complex-number arithmetic operation cir- 
cuit 1 , and the base band signals I, Q, a sine wave data 
sine which Is a practically recovered carrier data output- 
ted from a numeric control oscillator (NCO) 2 and a co- 
sine wave data cose are processed with Ir (= lcos9 + 
QsinG) arithmetic operation and Qr <=lslnG + QcosO) 
arithmetic operation in the complex- number arithmetic 
operation circuit 1 and quasl-synchronously detected, 
so to speak, thereby outputtlng the base band signals 
Ir, Qr f rom the complex-number arithmetic operation cir- 
cuit 1 . 

[0026] The base band signals Ir, Or which are output- 
ted from the complex-number arithmetic operation cir- 
cuit 1 are supplied respectively to band limiting filters 
3-1 , 3-2 which comprise digital filters and band-limited. 
The base band signal Id, Qd which were band-limited 
at the band limiting filters 3-1 , 3-2 are supplied to a de- 
coder 4, a CNR measurement circuit 5 and a phase error 
detection circuit 6. The decoder 4 performs the decoding 
of the frame synchronous pattern andtheTMCC pattern 
and sends a 6PSK signal resulting from the decoding to 
a trellis decoder 7 and at the same time sends a modu- 
lation discrimination data as to whether it is 8PSK, 
QPSK or BPSK to a control circuit 8 which comprises a 
micro computer and sends an enable signal to a loop 
filter 9. 

[0027] The CNR measurement circuit 5 measures a 
CNR based on the distribution of vector by the Inputted 
base band signals Id, Qd and sends the CNR data 
based on the CNR to the control circuit 8. The phase 
error detection circuit 6 is practically a look-up table and 
sends a phase error data, which is a phase difference 
between a receiving point comprising the Inputted base 
band signals Id, Qd and a point where the received sig- 
nals are to be converged, to the control circuit 8 and the 
loop filter 9. The trellis decoder 7 trellis-decodes the 
8PSK-modulating signal and sends a bit error rate data 
(BER) of the transmission path in a 8PSK-modulating 
section to the control circuit 8. 
[0028] On the other hand, the phase error data de- 



tected In the phase error detection circuit 6 Is sent to the 
loop titter 9, which comprises a digital filter. The output 
of the loop filter 9 processed with a filter treatment In the 
loop filter 9 is sent to an automatic frequency control 
5 circuit 1 0, and the output from the automatic frequency 
control circuit 1 0 Is sent to the numeric control oscillator 
2. The numeric control oscillator 2 outputs a sine data 
and a cose data based on the output trom the automatic 
frequency control circuit 1 0 and supply them to the corn- 
to plex- number arithmetic operation circuit 1 . 

[0029] The base band signals I, Q which receive the 
oscillating output from a fixed frequency oscillator and 
orthogonally detected and are rotating at the frequency 
which is the difference between the oscillating frequen- 
ts cy of the fixed frequency oscillator and an actual carrier 
frequency, the sine data and the cose data are calculat- 
ed In the complex-number arithmetic operation circuit 1 , 
thereby forming and outputtlng base band signals Ir, Qr 
which are synchronized by being rotated in reverse to 
the above described rotation. 

[0030] The control circuit 8 sends a normal reception 
signal indicating that It is in a normal receiving state to 
the decoder 4 and, upon receipt of the modulation dis- 
crimination data outputted trom the decoder 4, the CNR 
data outputted from the CNR measurement circuit 5, the 
phase error data outputted from the phase error detec- 
tion circuit 6 and the bit error rate data outputted from 
the trellis decoder, controls itself for a burst symbol re- 
ception when It is not In a normal receiving state and 
makes the decoder 4 to supply an enable signal to the 
loop filter 9 during the burst symbol reception, thereby 
controlling the loop filter 9 In an enable state. 
[0031] Moreover, upon receipt of the modulation dis- 
crimination data, the CNR data, the phase error data 
and the bit error rate data, the control circuit 8 controls 
Itself for the burst symbol reception when It Is not In a 
sate of normal reception. At the same time, based on 
the CNR data and the bit error rate data, It functionally 
comprises detection means for substantially detecting 
the phase noise characteristics of the ODU and charac- 
teristics setting means for setting the characteristics of 
the carrier regenerative loop based on the detected 
phase noise characteristics of the ODU, thereby setting 
the Ulter characteristics of the loop filter 9 to the optimum 
filter characteristics based on the phase noise charac- 
teristics of the ODU. Also, the control circuit 8 sends a 
control signal to the automatic frequency control circuit 
10 and performs the scanning of a carrier frequency. 
[0032] Next, for example, the bit error rate character- 
istics by the phase noise of the 8PSK in the burst symbol 
reception at a time when the CNR Is 1 5dB are as shown 
In Figure 3. The characteristics a, b and c as shown In 
Figure 3 are the bit error rates in the case where they 
are respectively set to the characteristics a, b and c as 
shown in Figure 5. The characteristic a as shown in Fig- 
ure 3 corresponds to the characteristic a as shown in 
Figure 5 and the characteristic b as shown In Figure 3 
corresponds to the characteristic b as shown In Figure 
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5 and the characteristic c as shown In Figure 3 corre- 
sponds to the characteristic c as shown In Figure 5. 
[0033] Next, the operation of the digital satellite 
broadcast receiver according to an embodiment of the 
present Invention will be described based on Figure 2. 
[0034] At an Initial state, that Is. when a receiving state 
is not In a normal receiving state, it is controlled for the 
burst symbol reception and the loop filter 9 is controlled 
for the enable state and then the filter factor of the loop 
filter 9 is set to the characteristic where the characteris- 
tics of the carrier regenerative loop correspond to the 
characteristic c of Figure 5 (step S1 ). Following the step 
S1, a received CNR is determined from the CNR data 
and a waiting is made till the determined CNR becomes 
15dB. When the determined CNR becomes 15dB (step 
S2), a transmission and multiplexing configuration con- 
trol (TMCC) pattern Is decoded (step S3) and a pres- 
ence of the 8PSK signal Is confirmed (step S4). 
[0035] Next, the 8PSK-modulaiing signal is burst-re- 
ceived and Its bit error rate data Is detected (step S5). 
This bit error rate data Is a bare bit error rate of a trans- 
mission path and can be obtained from the trellis decod- 
er 7. It is checked to see It it is better than the bit error 
rate lor the received CNR (step S6). This Is the case 
where the characteristics of the carrier regenerative 
loop are set to the characteristic c and the detected bit 
error rate is checked to see If It Is, for example, equal to 
or less than 8 x 10' 3 . 

[0036] In the step S6, when the detected bit error rate 
Is recognized to be better than a predetermined bit error 
rate for the received CNR, that is, for example, when the 
bit error rate Is recognized to be equal to or less than 
6.8 x 1 0" 3 , the phase noise characteristics of the ODU 
connected to the receiver are determined to be good so 
that the filter factor of the loop filter 9 is set to the char- 
acteristic where the characteristics of the carrier regen- 
erative loop correspond to the characteristic b of Figure 
5. Then the 8PSK-modulatlng signal Is burst- received 
again and Its bit error rate is detected (step S7) and the 
detected bit error rate Is checked to see If It Is better than 
the predetermined bit error rate (step S8). This is the 
case where the characteristics of the carrier regenera- 
tive loop are set to the characteristic b and the detected 
bit error rate is checked to see if It is, for example, equai 
to or less than 5.5 x 10-3, 

[0037] in the step S6, when the detected bit rate is 
recognized not to be better than the predetermined bit 
error rate for the received CNR, that Is, for example, 
when the detected bit error rate is recognized to be more 
than 6.8 x 10* 3 , the phase noise characteristics ol the 
ODU connected to the receiver are determined not to 
be good so that the burst reception mode Is released 
while the characteristics of the carrier regenerative loop 
remain set to the characteristic c of Figure 5, thereby 
executing a normal reception mode to start the normal 
reception (step S13). 

[0036] In the step S8, when the detected bit error rate 
Is recognized to be better than the predetermined bit er- 



ror rate tor the received CNR, that Is. when the detected 
bit error rate Is recognized to be equal to or less than 
5.5 x 1 0" 3 , the phase noise characteristics of the ODU 
connected to the receiver are determined to be fairly 

5 good so that the filter factor of the loop filter 9 Is set to 
the characteristic where the characteristics of the carrier 
regenerative loop correspond to the characteristic a of 
Figure 5. Then the 8PSK-modulatlng signal Is burst-re- 
ceived again and Its bit error rate is detected (step S9) 

10 and the detected bit error rate is checked to see if it ie 
better than the predetermined bit error rate (step S10). 
This Is the case where the characteristics of the carrier 
regenerative loop are set to the characteristic a and the 
detected bit error rate is checked to see If It is, for ex- 

t5 ample, equal to or less than 4.5 x 1 0" 3 . 

[0039] in the step S8, when the detected bit error rate 
is recognized not to be better than the predetermined 
bit error rate for the received CNR, that Is, for example, 
when the detected bit error rate is recognized to be more 

20 than 5.5 x irr 3 , the phase noise characteristics of the 
ODU connected to the receiver are determined not to 
be good so that the characteristics of the carrier regen- 
erative loop are restored to the characteristic c of Figure 
5 (step S11) and the burst reception mode Is released, 

25 thereby executing the normal reception mode to start 
the normal reception (step S13). 
[0040] in the step S10, when the detected bit error 
rate is recognized to be better than the predetermined 
bit error rate for the received CNR, that Is, for example, 

30 when the detected bit error rate Is recognized to be 
equal to or less than 4.5 x 10* a , the phase noise char- 
acteristics of the ODU connected to the receiver are de- 
termined to be good so that the burst reception mode Is 
released while the characteristic of the carrier regener- 

35 ative loop remains set to the characteristic a of Figure 
5, thereby executing the normal reception mode to start 
the norma! reception (step S13). 
[0041] in the step S10, when the detected bit error 
rate Is recognized not to be better than the predeter- 

40 mined bit error rate, that i3, for example, when the de- 
tected error rate is recognized to be more than 4.5 x 
10- 3 , the performance of the ODU connected to the re- 
ceiver are determined not to be good so that the char- 
acteristics of the carrier regenerative loop are restored 

45 so as to be set to the characteristic b of Figure 5 (step 
S12) and the burst reception mode Is released, thereby 
executing the normal reception mode to start the normal 
reception (step S13). 

[0042] As described above, according to the digital 
so satellite broadcast receiver In accordance with one as- 
pect of the embodiment ot the present Invention, when 
the receiving condition is good (at a high CNR), the 
8PSK-moduiatlng signal is received In the burst recep- 
tion mode and its bit error rate is measured to practically 
55 determine the phase noise of the ODU connected to the 
receiver. Therefore, the phase noise thus measured has 
a reliability and can be set to an optimum characteristic 
ot the carrier regenerative loop In case of using the dlg- 



5 



9 



EP 1 115 237 A1 



10 



Ital only or the existing high performance ODU, thereby 
lowering a received critical CNR and Improving the prob- 
ability of reception. Also, because the phase noise Is not 
set to the characteristics of the carrier regenerative loop 
which exceed the critical CNR even during the recep- 
tion, there will be no problem even If It Is measured dur- 
ing the reception. Accordingly, when the phase noise 
characteristics of the ODU Is good, the variations In the 
bit error rate due to the difference of the receiving sys- 
tem (burst or continuation) can be restricted to the min- 
imum. 

[0043] As described above, according to the radlodlg- 
Ital signal receiver In accordance with the present Inven- 
tion, the phase noise characteristics of the ODU Is de- 
tected and the detected characteristic of the phase 
noise of the ODU Is set to the optimum characteristic of 
the carrier regenerative loop, thereby achieving the ef- 
fect of lowering the received critical CNR and Improving 
a receiving performance. 

[0044] As described above, while the configuration 
and the operation of the present Invention was wholly 
described with reference to the digital satellite broadcast 
receiver as an example, the application of the present 
Invention Is not limited to the digital satellite broadcast 
receiver. It should be understood that the technological 
scope of the present Invention Is not limited to the 
above-exemplified embodiment, but that the present in- 
vention is applicable widely to the whole of the radio dig- 
ital receivers without deviating from its principle. 



Claims 

1. A radio digital signal receiver, comprising: 

means for estimating phase noise characteris- 
tics of an outdoor unit connected to a receiving 
terminal of the radio digital signal receiver from 
a decoded error rate of a digital signal; and 
means for setting carrier regenerative loop 
characteristics on the basis of the estimated 
phase noise characteristics of the outdoor unit. 

2. The radio digital signal receiver according to claim 
1, wherein said estimating means estimates the 
phase noise characteristics of the outdoor unit on 
the basis of the bit error rate of a predetermined 
polyphase PSK-modulating signal at a time when a 
received C/N has a predetermined value in a burst 
symbol reception mode for regenerating a carrier 
from a burst symbol signal. 

3. The radio digital signal receiver according to claim 
1 orclalm 2, wherein said means for setting the loop 
characteristics sets a filter factor of a loop filter in- 
serted into the earner regenerative loop. 

4. The radio digital signal receiver according to claim 



3, wherein said burst symbol signal is a BPSK-mod- 
uiatlng signal. 

5. The radio digital signal receiver according to claim 
5 3, wherein said predetermined polyphase PSK- 

modulatlng signal Is a 8PSK-modulatlng signal. 

6. A radio digital signal receiver comprising a carrier 
regenerator, a demodulator for demodulating a re- 

10 ceived modulated wave signal and a decoder for 
taking a digital signal from the demodulated signal, 
further comprising: 

means for detecting a C/N of the received mod- 
ts ulated wave on the basis of said demodulated 

signal; 

means for detecting the decoded error rate of 
the digital signal; 

means for determining the magnitude of the de- 
coding error rate of said digital signal when the 
detected C/N takes a predetermined value; and 
means for changing a loop characteristic for 
said carrier regenerator on the basis of the de- 
termined result of the magnitude of said decod- 
ing error rate. 

7. The digital radio signal receiver according to claim 

6, wherein said decoding error rate to be detected 
is the bit error rate of a predetermined polyphase 

so PSK-modulatlng signal which Is demodulated In the 
burst symbol reception mode for regenerating a car- 
rier from the burst symbol signal. 

8. The radio digital signal receiver according to claim 
35 6 or claim 7, wherein means for changing said loop 

characteristics changes the filter factor of a loop fil- 
ter inserted into the carrier regenerative loop. 

9. The radio digital signal receiver according to claim 
40 7, wherein said burst symbol signal Is a BPSK-mod- 

ulating signal. 

10. The radio digital signal receiver according to claim 

7, wherein said predetermined polyphase PSK- 
45 modulating signal Is the 8 PSK-modulatlng signal. 

11 . A signal processing method used In the radio digital 
signal receiver for demodulating a received modu- 
lated signal by using a regenerated carrier and de- 

50 coding a digital signal from a demodulated signal, 
said method comprising the steps of: 

detecting a C/N of said received modulated sig- 
nal on the basis of said demodulated signal; 
55 determining whether said detected C/N coin- 

cides with the predetermined value: 
when said C/N coincides with said predeter- 
mined value, 



20 



25 



55 



6 



11 EP 1 115 237 A1 12 



detecting a decoded error rate of said digital 
signal; 

comparing the magnitude of the detected de- 
coded error rate with the predetermined thresh- 
old value; and 

changlngthecha racte ristlc of th e carrier regen - 
eratlve loop on the basis of said compared re- 
sult. 
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**w*aa5«*»*flr-*»iifc«i. a*#»w. t^a-ftE^ 

«g#&i{feffj C/N (])fcj§. -&^v*J CNR) to«fcfc4#*gfc£ttifc?l£ 

mTm%.& 2000 •^&r»am^:iimr»e<i&fcmmTtate 
w»tBa«*^ bs-if »t^«*. Miiwiiri. 

*h#-7C-ie3j ODU. 

ffl^*«c*Mar»r»i*iisc5firA. «*n. cs r«a»fc:Mt. 

4m^m^.mPC erms) , 8rms) 

r» odu, <b&ikw odu f&^fto m 4 ^t&7& "?±a 

^Afe^T^i^ ( Association of Radio Industries and Business C^S^^J 

ARIB) " »#W^Wa*^tttt*«l«**W#ttli^W«rtt«-*tt 



1 



effflB. <i*. aww odu, 4*ai*Aff*tt*nfc** < erms) 
s 5 +*ar*#at»5c**+* odu 

5 3§tfj*Btel#^ ( 9rms) M 8PDK (Hfettft 8PSK) «*H**ttJfttt 

M«> iflJI&li^ < 9rms) 3ftra*««C+ gPSK WWAWft/BWIfli 
10 ££*iR. 

# C/N , £ffi<fc**«3£ 15 *itJld^tt««K*-9. H 5 Mtftt c * 

25 «^bj^ bs r#^«^^^^"^- BS rttfr* 

+ , & 8PSK WIN, QPSK ill ft ft BPSK 

HB 7 (a) ^iBT-^BHWtttt. MlJgA^A+t*. ttfc^tt 

30 «t». ftJR^M*-^**— *tt**WBPSK«lWW«W*»»C32 
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«i7c) , —+m=?m&mtom&BtX.m&tott bpsk mm tmcc m 

M (128 i^TC) , -tfifZ^it^W BPSK iH#Jfaj8«^#J«i^ 
(32 5i7U) , — -t" 203 mTt&J^im^, — ^££X£4*£*^&tJ BPSK 

* 39936 m7tm$L i S7(b) 

^ 8PSK/QPSK/BPSK ^flHt^. 

Ea^P£t spsk/qpsk/bpsk WiHte^ifrfttofi^+Mfcto c/n <ft* 

mnft£®nm, mat, <&mmm% c/n &t, fcTfcfc^gMfcffiteft 

^ 203 ^7C6?J|1]PS)SA4^7C^ BPSK^^-^ 0 3a-^4^7ti6<JBPSK 

^w-^w bpsk mMtott&m&tettw&%#$tm7ti&ik. 

»*NfeW1l»iRT, CNR) A¥*P^&fli, Wd^/*^ 

SH^WI, ift#£l|fi# CNR K*It|k|¥£3F*fttiH£ a, b*Pc££# 

afc imupw, ^j.sai±»s««fta^Ttt»w 

RTW^Si!J^#-^fi<lMlg-^^n (Reed-Solomon) mm* £nH 

cnr B4>mm-m&nm&ftVLm&, 



ttfc***. CNR ft*. fi«-*^n*«**«*»- 

iiLCNRtt^ftafttiikWttiiLCNRtt^w. 

*#r^ltt (O **» **** 

TAM^ftttftaffff&ttft odu, 

#£BJ ft B Mfc*. ODU ODU 



jit^, tevtm^mm*. ±^^m7um^M— / t- bpsk mm 

W 4 ^-^h ODU &ffi&^#ttltt#;fcffi£tS; 

© 5 ^B^^^TU^* 8PSK i^^-^-^^^r^^^^ 

iejl^iM^ 8PSK^^iJ^-t6<j+@^:i#^it^Wiifi^ cnr 

— - 'hiE**** sin e ceftM.— ^»»«taF* (NCO) 2ttEbft$l5 
#£&<J«&&*8) > *n-H^&3£i£&*g cosO , Ir (=Icose+Qsin 



e ) it^^P Qr (=isine+Qco S e ) it J*. #Rmtrm.m#fofc> hkm 
«**ttjatt#R*fc# 3-1, 3-2, atr«^R*l. ««*R«*« 

3-1, 3-2 + R#W*«IM*Id. Qd ««»«?«» 4. CNR»**lfr5 

6. *»» 4 ^WW^^fll TMCC fPi^lftM 

A. ^HBJKWi^Hl 8PSK 7 > R*N**J-^ 

ffi : HHj#J'£S 8PSK, QPSK BPSK iW^J^ W««0^*J3BC*#^ 

iii->h-a»-^*#i«iJ6*i** s, #«£affi^#«»-H w *w* 

#cf&9. 

CNR tt*«Bfc 5 ij±iAWSff^ W. Qd 
4 CNR, #}C^ CNR itt CNR |fe|g#i£i>l&#J 8„ 

««« 6 *ps±*-^*«*. 

8 9iSFtt*l&# 9, ffl^*3SjR«*-^«*IAW*##r^ id, Qd 

7 teAW 8PSK Ulft!j#f#, ##2 8PSK t»JE * 

i»# 2 sfAi^i^J^ io mm-^ sinmmn 

-4- cos e ft« t #ftfc^*M»ftfi*** i- 
Wttit«**tt**»* I. Q. KiX^ft»**« < NCO) 2 **** 



jfc*b, 3£fli!)fc5& 8 &ife1Hfelgl»lftiI' CNR 
**i«fct«M*»*, S*^?£jE#*fttt*W. filial & A «e#&»tg 
«4M*&. CNR ft«ft*tfc<!frJMMB. fcattifr&ieja 

^i^ii odu ttffi&mF&&&j&mm%.,mm : ?mTikM&} odu 

3»fi$<Jffeg& 10, fn£MT®^tfj&$ = 

Wfcl, # CNR % 15dB H*, ^^Tug!^ 8PSK mmU^pTt 
^^^i^tttiBt^. g3*ltt#'l£a, b*Q c^SUIS 

5 a, ffl 3 b *BS^S 5 b, 3 4»#J 
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ffjCNR, #JJ£*T^f#» M0*£«CNR/a*tMn 15dB, ^^^w 
CNR A* 15dB0t (#*S2> . tttf *»£fc*E£fcJS*l <TMCC) 
«m»*T*W OH S3) . #J.«U8PSK#f^ttff« (#*S4) . 

8PSK MMin^, ^ja*ft«CfeW«Hl#*»* 
CNR «l*fcfc4#* S6) o *«Btt«ff£*f*BWtt 

gfc/b^ sxio- 3 . 

9K S7) , ^B.|ft*tt*ttiRtt»*K»i^S*5»^WJfeW*l*** 
Mim, fa&WMM&ft&^ffi^tML&mTm'bT 5.5xio- 3 . 

#2MBS6*, ^^^^^T^bk^^^S 1 ^^^^^ CNR ft 
S8, ^iM^^t^^^^ 1 ^ CNR «F»£ 



8 



tt. W»#»4*l» 8PSK fflfthir-*. #«IHK«US#¥ 

S9) , #Rtkm&wmmmm, um&^&^^^^nm 
S8, i3mu&^ttigtfc#¥^#Tffi^&&to cnr 

at, ^^^I'J^'ffemw odu Wffi&igjfr^&^i?, MIffiitS 
££F&#j#fti&giiJS 5 c #jt&£ sn) , 

^E^» sio, ^ttiiLtftlllWiRfcbW^^ffl^i&W cnr 

4.5xio- 3 n-, ^^sig&mift odu &ito®.mpft&&mti, ja 
«m sio, mm\K&mto&\t®m^&T : ffifeto%ktkwm, & 

ttAtt. Attn. MiffliUfcHtoStttt*:*:^ 4.5Xio- 3 at, ^5£&HJ 
odu fiWtfe^Fff , ^MS2f£&#£SF8frfiWig:fc3Ei!lffl 5 

f$<i#tt b ona^ c^sg si2) , &M.mj&ft%.&&m&, ^miMriE 

^&4fc&## (£i^CNR) at, £#£&i|fc«5S*&i|fc 8PSK 

Kl^^m^SlS!lS|i|fc*L6«l ODU 

m^&, mmmM&m odu mmuT, nmn^.mm^.n^^^ 



i^iP^^i&^l^l-tfe^^^^^^^PJSiHISI?- CNR #Jit&# 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□Tfaded TEXT OR DRAWING 

□'blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray scale documents 



£T LINES 



LINES OR MARKS ON ORIGINAL DOCUMENT 
tfREFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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